The properties of nuclear matter is carefully analysed in relativistic mean-field formalism(RMF), it is found that the non-linear self-interaction of σ meson affects the properties strongly at high density and there is also strong parameter dependence in this region. We introduce a density dependent scalar coupling according to the idea of QMC model, find that its effect to properties of nuclear matter is little at low density, however, the effect at high density is obviously. The Θ + (as an structureless particle) effective masses in medium is studied, M * Θ + ≃ 0.67M Θ + =1030 MeV at normal nuclear density. The density dependent scalar coupling obviously affects the baryon effective masses in nuclear matter, especially at high density. We review the kaon meson in medium and find the RMF model considered density dependent coupling is consistent with ChPT model in a certain extent. We develop another method to describe the Θ + in RMF, find the effective mass M * Θ + ≃ 0.73M Θ + =1120 MeV much larger than the usual RMF prediction; the potential depth of Θ + in nuclear matter with the new method is U Θ + ≃-37.5 MeV much shallower than U Θ + ≃-90 MeV predicted with the usual RMF.
Introduction
The study of in-medium properties of hadrons is a topic of interest [1] [2] [3] [4] . Relativistic heavy-ion collisions of nuclei opens the possibility of investigating hadrons in hot and dense hadronic matter, which makes the topic become more attractive. The importance of in-medium properties of hadrons is that the changes in nuclear medium could be a signal of the formation of hot hadronic and /or quark-gluon matter. There are several theoretical efforts made to understand the behavior of hadrons in dense matter, such as QCD sum rules [4] , quark-meson coupling model [1] and relativistic mean field approach [31] .
Relativistic mean field is a convenient method for us to study nuclear many body problems. It has been widely used to predict the properties of nuclear matter and finite nuclei. Not only ordinary but also hyper-nuclei/ nuclear matter are described well in RMF [5] [6] [7] [8] [9] [10] [11] [12] . One of the important aspects for RMF is how to determined the effective interactions of meson-baryon couplings. To describe the nuclear matter and finite nuclei well, the nonlinear self-interactions for σ meson and/or ω meson are introduced [13, 14] . In recent years, a number of effective interactions of meson-baryon couplings such as NL-Z [5] , NL3 [6] , NL-SH [15] , TM1 and TM2 [16] are developed. However, all the sets have their limit in predicting the properties of nuclear matter or finite nuclei and the constant couplings may be not practical at high density. In the present paper, we will study how much the nonlinear self-interactions for σ meson affect the properties of nuclear matter and how much there is parameter dependence. Considering the effect of nuclear density on the coupling constant, we try to introduce a density dependent scalar coupling in RMF.
The study of properties of nuclear matter in RMF makes us conveniently investigate the in-medium properties of the new discovered baryon Θ + . The pentaquark state Θ + (1540) with strangeness +1, first predicted by Diakonov et al. [17] , has been nearly confirmed [18] [19] [20] [21] [22] [23] [24] . It has been listed by the Particle Data Group in the review of particle physics [25] . Therefore, it is natural to study the properties of Θ + in nuclear medium with positive strangeness. In fact, the Θ + in nuclear medium has attracted many groups' interesting [26] [27] [28] [29] [30] . Since Miller predicted there is an attractive Θ-nucleon interaction strong enough to bind Θ + in nucleus [26] , D. Cabrera et al. found a large attractive Θ + potential 60 ∼ 120 MeV in the nuclear medium associated to the two meson cloud of the antidecuplet [28] . In our previous work [12] , we studied Θ + hypernuclei in RMF, predicted the attractive Θ + potential is 50 ∼ 90 MeV. And in the other prediction such as QCD sum-rules gives an attractive Θ + potential 40 ∼ 90 MeV [29] and quark mean-field model provides an attractive Θ + potential of ∼ 50 MeV [30] . Although all the models predict an attractive Θ + potential, the potential depth is still far from accurate predicted. In this work we will study Θ + potential depth in nuclear matter in RMF with a new approach. In this approach, we consider the structure of Θ + and adopt the suggestion that Θ + is a KπN bound state. As one of the important in-medium properties of Θ + , the effective Θ + mass is also studied. The paper is organized as follows. In the subsequent section, the general RMF theory for nuclear matter and a baryon in nuclear matter are discussed. Then a density dependent scalar coupling is introduce and a brief discussion of the effect to nuclear matter yields in in Sec. 3 . The Kaon meson in nuclear medium is reviewed in Sec. 4 . The effective mass and potential depth of Θ + with a new approach developed by us are discussed in Sec. 5. Finally a summary is given in Sec. 6.
2
A sketch of RMF theory in nuclear matter
In the RMF theory, the effective Lagrangian density for baryons can be written as
with
Here, L N is the standard Lagrangian of RMF [31, 32] for baryons. They involve baryons (Ψ B ) , scalar meson fields (σ), vector mesons (ω µ ), vector isovector mesons (ρ µ ), and photons (A µ ). m σ , m ω , m ρ , M B and are the masses of σ, ω, ρ meson, baryon, respectively. g As an mean-field approximation, the equation of motion for a baryon is
where σ 0 and ω 0 is the the mean-field values of scalar and vector mesons, respectively. The effective mass, M * B , of baryon is defined
For static, symmetric infinite nuclear matter, the equation of motion for the mean-field values of meson are written as
where ρ s (B) =<ψ B ψ B >, ρ B =<ψ B γ 0 ψ B >. The density of energy, ε, for infinite nuclear mass reads
Here, ε B is the density of energy for baryon and defined as
Combining the Eqs. (4), (7) and (8), we can obtain
According to the relation, ∂ε(M * B )/∂M * B = 0, it is easily obtained
If there is only a exotic baryon in symmetric infinite nuclear matter, the effect of a single exotic baryon on the mean field value can be neglected [33] . Then
where ρ s (n) (ρ s (p)) is the scalar density for neutron (proton), and ρ n (ρ p ) is the baryon density for neutron (proton). Comparing Eqs. (4) and (10), the mean-field value, σ 0 , reads
According to Eqs. (5), (14) and (17), the scalar density, ρ s , is
where The parametrization of the nucleonic sector (adopted from Ref. [6] ). The masses are given in MeV and the coupling g 2 in fm In Eq.(11), if we let g 2 = g 3 = 0 (neglecting the nonlinear terms of σ 0 ), then
which is an often used approximation in RMF calculation and more simple than the relation of Eq.(11). Can we neglect the nonlinear terms of σ 0 in calculating for infinite nuclear matter?
To understand it clearly, the mean-field value, σ 0 /ρ 0 , as a function of nuclear scalar density, ρ s /ρ 0 , in Eqs. (11) and (18) is shown in figure 1 , respectively. Where ρ 0 is the saturation nuclear density, and let ρ 0 =0.15 fm 3 as the most used in RMF calculation. For comparison, we use three sets of parameter NL-SH, NL3 and the parameters from Ref. [34] , which are listed in table 1. In figure 1 , the red line (curve) is for NL3, black line (curve) is for NL-SH parameter set and blue line is for the parameters from Ref. [34] ; the solid line is obtained from Eq.(18)(neglecting the nonlinear terms of σ 0 ) and the dotted curve is obtained from Eq.(11)(including the nonlinear terms of σ 0 ).
From figure 1 , we can see that there are obvious differences for the three parameter sets if we use Eq(18). When we consider effect from nonlinear terms of σ 0 and use the Eq. (11), the differences between the two parameter sets NL3 and NL-SH are nearly not visible in the region ρ s /ρ 0 < 1, this implies in the low density region, there is little parameter dependence for the relation between σ 0 and ρ s in Eq. (11) . However, in higher density region, the differences between the two parameter sets NL3 and NL-SH are obvious. The results from Eq. (11) and (18) are quite different. There is only a simple linear relation for σ 0 and ρ s in Eq. (18), however, σ 0 and ρ s is a nonlinear relation in Eq.(11) and ρ s has a limit, the maximum value ρ smax is about 1.6ρ 0 for NL3 set and 2.14ρ 0 for NL-SH set. Even in the very low density region, the difference between Eq. (11) and (18) is obvious. Thus, the nonlinear terms of σ 0 can not be neglected in calculating, especially at high density.
As a conclusion, there is strong parameter dependence in the high density region and the nonlinear terms of σ 0 can affect the calculations obviously, the approximation
is indeed poor in RMF calculation, especially in dense medium.
By fitting the curve of Eq. (11) with NL3 parameter set, it yields
with ρ s /ρ 0 < 1.6. And by fitting the curve of Eq.(11) with NL-SH parameter set, it yields
with ρ s /ρ 0 < 2.14.
The relation of ρ s − ρ
According to Eqs. (4), (15), (16) and (17), we can get
Replace σ 0 here with the expressions in Eqs. (18), (19) and (20), the scalar density as a function of baryon density is deduced and shown in figure 2.
In figure 2 , the blue curve is for Eq. (18), where the effect of the nonlinear terms of σ 0 is neglected and the parameter set is obtained from Ref. [34] ; the red and black curves is for relations (19) (NL3) and (20) (NL-SH), respectively, including the effect of the nonlinear terms of σ 0 .
From figure 2, it is found that the three curves are nearly no differences in the region ρ/ρ 0 < 1. Which indicates that the effect from nonlinear terms of σ 0 on the relations between ρ s and ρ is small, and there is little parameter dependence in the region ρ/ρ 0 < 1. However, the three curves have obvious difference between each other in the region ρ/ρ 0 > 1. Thus, the effect from nonlinear terms of σ 0 on the relations between ρ s and ρ should be included at high density. Comparing the red curve with the black curve, we find that there is strong parameter dependence in the high density region.
As a whole, in low density region such as ρ/ρ 0 < 1, the effect from nonlinear terms of σ 0 on the relations between ρ s and ρ can be neglected and there is less parameter dependence; in high density region effect from nonlinear terms of σ 0 can not be neglected and there is strong parameter dependence. By fitting the black curve for NL-SH, it yields the simple relation
where ρ < 4ρ 0 . Similarly, the simple relation for NL3 parameter set in the region ρ < 3ρ 0 is
Nucleon and Θ + effective mass in nuclear medium
For nucleon, the effective mass is
and for pentaquark Θ + , as studied in our previous work [12] , the effective mass yields
Combining the the Eqs. (20)/ (19) and (22)/(23), the effective mass of a baryon as a function of ρ can be obtained. In figure 3 , the nucleon and Θ + effective masses as a function of nuclear density ρ are shown. The dashed and dash-dot curves correspond to Θ + and nucleon, respectively. For comparison, we show the results of both NL-SH and NL3 sets. The red curves are for NL-SH and black ones for NL3.
From the figure, it is shown that at normal nuclear density ρ 0 the nucleon effective mass M * N /M N ≃0.59, which consists with the initial setting for NL-SH and NL3, M * N /M N ≃ 0.6; and the Θ + effective mass M *
67. It is easily found that both of the parameter sets, NL3 and NL-SH, give the similar results in the region ρ/ρ 0 < 1.4, but when ρ/ρ 0 > 1.5 the results for them are very different. At ρ = 2.5ρ 0 the difference of effective mass of nucleon between the two parameter sets is about 0.03M N =28 MeV; and for Θ + , the difference is about 38.5 MeV. Thus, in high density region, we must be careful in selecting the proper parameter set for calculating.
3 Density dependent coupling g N σ (σ 0 ) and the effect to nuclear matter From the analysis in section 2, we know there is strong parameter dependence for nuclear matter in high density region. That is, the coupling constants are of the essence for predicting the properties of nuclear matter in high density region. However, the couplings may be no longer constants in this region and change with density. The reason is that the quark freedom has the most possibility to appear in high density nuclear matter, which affects the couplings. Thus, it is necessary to consider the couplings as a function of density. In fact, the density dependent meson-nucleon coupling has been suggested in Refs. [36, 37] and studied such as in Ref. [38] .
Density dependent coupling
In the framework of RMF, the nucleons are considered as structureless, however, in high density matter there maybe appear quark freedom. Thus, it is necessary to consider the effect from the quark structure of nucleon. Which has been investigated in QMC model [35] . According to the QMC model, the contribute of quark structure of nucleon can be included in the scalar coupling only and does not affect the vector meson coupling. The difference between RMF and QMC lies only in the scalar coupling g N σ , which is a function of meson field σ in QMC, while in RMF the coupling g N σ is a constant. In present work we attempt to extent the coupling g N σ (σ 0 ) in QMC model to RMF. According to QMC model, the coupling g N σ is written as [33, 35] 
where C N (σ 0 ) is a function of σ 0 , if we let C N (σ 0 ) = 1, then QMC model is no difference between RMF. As a well approximation up to three times normal nuclear density, 3ρ 0 , the the coupling g N σ yields [33] g
which changes linearly with the scalar meson field. where a N = 8.8 × 10 −4 MeV −1 . If we consider the effect from the internal structure of nucleon in RMF as well as QMC model, it is reasonable to believe that the scalar coupling g N σ also changes with the scalar meson field in RMF, and has the same form as Eq. (27) . Thus, the differences between QMC model and RMF model lie only in the constants g N σ | σ=0 and a N . Now we roughly estimate the values for g N σ | σ=0 and a N in RMF. Generally, the effective mass of nucleon at normal nuclear density is about 0.8M N in QMC, however, which is 0.6M N in RMF. Thus, the mass shift
.2, 0.4M N for QMC and RMF model at normal nuclear density, respectively. As an approximation, g
4M N for QMC and RMF model at normal nuclear density, respectively. For both models at the same value of scalar field σ, the change ratio should be the same. Namely, (a N /2g
Combining the analysis above, we easily obtain a N ≃ 4.4 × 10 −4 MeV −1 for RMF, which is one half of that of QMC model. Next, we will determine g N σ | σ=0 . In RMF, the effective mass M * N ≃0.6M N at normal nuclear density. It is one of the characters for nuclear matter in RMF and should not change at normal nuclear density, although we introduce the density dependent coupling g N σ (σ 0 ). To satisfy the condition, it only needs g
can be determined at once according to the relation
For NL-SH set, g N σ =10.444, then the corresponding value g N σ | σ=0 =11.48 and for NL3 set, g N σ =10.217, the value g N σ | σ=0 =11.24. Now, the scalar coupling g N σ (σ 0 ) as a function of σ 0 is obtained. It is necessary to study how much it affects on the properties of nuclear matter in RMF. Thus, we reanalyse the relations σ 0 − ρ s and ρ s − ρ and study the effect on the nucleon and Θ + effective masses.
Effect on the relation σ 0 − ρ s
Together with the determined value for g N σ | σ=0 , a N and combining the Eqs. (11), and (27), the scalar meson mean-field value, σ 0 , as a function nuclear density ρ can be easily obtained. Here, we use NL-SH parameter set, g N σ | σ=0 =11.48, as an example, the relation σ 0 − ρ s is shown in figure 4 . For comparison, we also show the relation, σ 0 − ρ s , of constant coupling NL-SH set.
In figure 4 , the red and black curves correspond to the density dependent coupling g N σ (σ) and the constant coupling, respectively. From figure 4 , it is seen that the absolute value of σ 0 for the density dependent coupling g N σ (σ) is a little larger than that of constant coupling in the region ρ s /ρ 0 < 1, the difference is nearly not visible. However, in the region ρ s /ρ 0 > 1, it gives very different results for the two case, especially in higher scalar density region. The curve for density dependent coupling is drived down and moves to higher density region. The maximum of scalar density for density dependent coupling ((ρ s /ρ 0 ) max ≃ 2.75) is larger than that of constant coupling ((ρ s /ρ 0 ) max ≃ 2.14).
By fitting the curve for the considered density dependent coupling g N σ (σ) in the region ρ s /ρ 0 < 2.5, we get the following relation In figure 5 , ρ s as a function of ρ is plotted. Where we adopts NL-SH parameter set. The red curve is for constant coupling, and the black curve is for the density dependent coupling. In figure 5 , it is found that there is nearly no difference in the region ρ/ρ 0 < 1.4 between the two curves, which agrees with the conclusion in subsection 2.2 that there is less parameter dependence in low density region. However, it is shown obvious difference (∼ 0.2ρ 0 ) in the region 2 ∼ 3ρ 0 , when considering the density dependent coupling, the scalar density, ρ s becomes larger. Compared with the scalar density of constant coupling, the scalar density of density dependent coupling is enhanced about 12% (0.2ρ 0 ) at ρ = 3ρ 0 .
By fitting the curve of the density dependent coupling g N σ (σ) in the region ρ/ρ 0 < 3, the relation between ρ s and ρ also yields
3.4 The relation g 
N σ when ρ < 3ρ 0 . Namely, considering the effect of density the change of the scalar coupling is about within ±10%. If the nuclear density larger than normal nuclear density, the coupling is a littler smaller than g N σ , and if the nuclear density lower than normal nuclear the density dependent coupling will be a little larger than g N σ .
3.5 Effect on nucleon and Θ + effective mass
Finally, to understand the density dependent coupling g N σ (σ) how to affect the baryon effective mass in nuclear medium, we show the nucleon and Θ + effective mass as a function of nuclear density, ρ in figure 7 . Which is easily obtained by replace the constant coupling g N σ with the density dependent coupling g N σ (σ) in Eqs. (24) and (25) and combining the relations (29) , (30) . For comparison, the nucleon and Θ + effective masses as a function of nuclear density, ρ with the constant coupling g N σ are also plotted in figure 7 . For simplify, we only use the NL-SH parameter set as an example. In figure 7 , the red curves are for the density dependent coupling and black curves are for the constant coupling; the dashed curves are for Θ + and dash-dot curves are for nucleon. From figure 7, we can see that if we use the density dependent coupling, the ratios of the effective mass of nucleon or Θ + to those in free space (M * /M) become larger in the region ρ > ρ 0 . The nucleon and Θ + effective masses are enhanced 0.05M N ≃47 MeV and 0.04M Θ + ≃62 MeV at ρ = 3ρ 0 , respectively. Which indicates that the interaction between scalar meson and baryon is obviously depressed by the density dependent coupling in the high density region. On the other hand, in the low density region ρ < ρ 0 , the ratios are smaller than those of constant coupling, the maximum difference appears at ρ ≃ 0.5ρ 0 , where the nucleon and Θ + effective masses are dressed about 0.03M N ≃28 MeV and 0.025M Θ + ≃38 MeV, respectively.
As a whole, the density dependent coupling g N σ (σ) has strong effect on the properties of nuclear matter, especially in higher density region. According our analysis, the coupling should be serious considered with the RMF framework, especially in the region ρ > 1.5ρ 0 . We must point out that it is only an attempt to introduce the density dependent coupling g N σ (σ) in RMF and far from precise calculation still.
Kaon meson in nuclear medium

RMF approach
Kaons were incorporated into the RMF model by using kaon-nucleon interactions motivated by one meson exchange models [9, 39] . In the meson-exchange picture, the scalar and vector interaction between kaon and nucleon are mediated by the exchange of σ and ω meson, respectively. For symmetric nuclear matter, the simplest kaon-meson interaction Lagrangian can be written as
where σ and ω µ are the scalar and the vector fields, respectively. g σk and g ωk are the coupling constants between kaon and the scalar and the vector fields, respectively. The coupling constants to the vector mesons are chosen from the SU(3) relation assuming ideal mixing [9] 2g ωk = 2g ππρ = 6.04.
The coupling constants to scalar meson can be given by fitting the KN scattering lengths in experiments [39, 40] g σk ≈ 1.9 ∼ 2.3 ≈ 1/5g
In the mean-field approximation, the equation of motion for kaons reads
where σ 0 is the mean-field value of scalar field and ω 0 is the time-component of vector field. Decomposing the kaon field into plan waves, one obtains the equation for the kaon (antikaon) energy ω and momentum k
The energies of kaon and antikaon in nuclear medium are then given by
where the effective kaon mass is
From the in-medium dispersion relations (34), (35) , the kaon and antikaon potential can be defined as [41, 42] 
Chiral approach
For symmetric nuclear matter, the effect of isospin is neglected. Following the outline in Refs. [39, 43] , the kaon-nucleon chiral Lagrangian is written as
where f k ≈ 93 MeV is the kaon decay constant and Σ KN is the KN sigma term. The first term corresponds to the Tomozawa-Weinberg vector interaction. The next term is the scalar interaction which will shift the effective mass of the kaon and the antikaon. The last term, which sometimes is called off-shell term, also modify the scalar interaction. Σ KN is not known very well, in the original work, it was chose Σ KN ≈ 2m π in accordance with the Born model [43] . More recently, the value Σ KN ≈ 450 MeV is favored according to lattice gauge calculations [44] . Thus, it may vary in the region 270 MeV to 450 MeV. By fitting the KN scattering lengths, one can determine the constant [39] 
The equation of motion for kaon field in the mean-field approximation and in uniform matter reads
where ρ s =<N N > is the scalar density and ρ N =< N † N > is the vector density for nucleons. Plan wave decomposition of the equation of motion yields
The energy of kaon (antikaon) in the nuclear medium is
where m * 2 k is the kaon effective mass
Results
According to Eqs. (36) or (44), the Kaon energy ω K (at the momentum k = 0) as a function of nuclear density ρ is easily obtain with the relations in section 2. Figure 8 shows the Kaon energy ω K of both RMF method (Eq.(36)) and ChPT approach (Eq. (44)). For RMF approach, we list the results of NL-SH and NL3 parameter sets, the result of density dependent scalar coupling ( NL-SH ) is also plotted in the same figure. And for ChPT approach, we consider three cases: Σ KN = 270, 350, 450 MeV, the relation ρ s − ρ obtains from Eq. (22), which is for NL-SH parameter set. As seen in figure 8 , all the models show a quite similar behavior in the low density region ρ < ρ 0 . The results of the model of density dependent scalar coupling ( NL-SH ) are a little lower (less than 2.5 MeV) than those of ChPT approach. It should be noted that the results for ChPT approach is also a little lower than those of RMF with constant coupling in the low density region. Which indicates that the trend for density dependent scalar coupling ( NL-SH ) agrees with ChPT approach in this region. From the figure, we also find that the effect from considering density dependence for scalar coupling is within 4 MeV for kaon energy ω K in the region ρ < ρ 0 . In this region, the ChPT approach always gives larger kaon energy than that of RMF (constant coupling) approach. When we consider density dependence for scalar coupling in RMF approach, the Kaon energy is enhanced in the region ρ > ρ 0 and the result of RMF is compatible with the ChPT approach's. As seen in figure 8 , the curve for density dependent scalar coupling ( NL-SH ) is very close the curve for Σ KN = 270 in the region ρ > ρ 0 . Which indicates that the RMF model considered density dependent coupling is consistent with ChPT model in a certain extent. At ρ = ρ 0 , the kaon energy ω K = 527 MeV for RMF and ChPT, except ω K = 532 MeV for ChPT (Σ KN = 450). As defined in Eq. (39) , the potential of kaon is U K = 33 MeV for RMF model and U K = 28 ∼ 33 MeV for ChPT model at normal nuclear density, which is compatible with kaon optical potential U KN opt ≈ 29 MeV [39] at normal nuclear density. At ρ = 3ρ 0 the kaon energy ω K = 630 MeV for NL3 (ω K = 630 MeV for NL-Z in Ref. [39] ), ω K = 633 MeV for NL-SH and ω K = 640 MeV for density dependent coupling in RMF model and ω K = 645 ∼ 690 MeV (ω K = 630 ∼ 670 MeV in Ref. [39] ) for ChPT model. All the results are compatible with the calculation in Ref.
[39] as a whole.
Θ + as a KπN bound state in RMF
what we discuss in the above section 2, 3 and in our previous work [12] is not considered the structure of Θ + and roughly think it is a point-like particle in RMF. However, Θ + has the most possibility that it is a bound state of several quark clusters such as diquark-triquark (uds)(ud) structure suggested by Lipkin [45, 46] or KπN molecule state discussed in Refs. [47] [48] [49] . If Θ + is a bound state of, such as, KπN, its properties may be very different from that of point-like one in RMF. To understand the effect of structure on the in-medium properties of Θ + , in the following work, we will assume Θ + as a KπN bound state and discuss its properties in nuclear medium within the framework of RMF.
According to the idea of meson-exchange model, a KπN system interacts with nucleon by exchanging meson can be looked as K, π and N exchanging meson with nucleon, respectively. Thus, the investigation of the interaction between Θ + and nucleon in medium turns to investigate the interaction KN, πN and NN in medium. We can assume that the pions as Goldstone bosons do not change their properties in the medium [50] . Thus, we neglect the πN interaction in medium.
In RMF, the interactions between hadron are mediated by the exchange of scalar meson σ and vector meson ω. The effective Lagrangian for Θ + reads
where L K , L N and L π is the effective Lagrangian for nucleon and kaon and pion, respectively, and L 0 is for the internal interaction of KπN system, which is a constant. There, we need not know L π for our present discussion because we neglect the πN interaction in medium. According to the review in section 2, L N and L K can be written as
The in-medium energy of nucleon is then given by
and the in-medium energy of Θ + is
where E π = m 2 π + p 2 is the energy for pion and B is the bound energy of KπN system, both of them are not change in nuclear medium. For zero momentum, the in-medium of Θ + energy is given by
where the effective Θ + mass M * Θ + in nuclear matter is
In free space, the Θ + mass is 
The potential of Θ + can be defined as the difference between its energies in the medium and in free space
Thus, the potential of
where
− m k is the potential of kaon for zero momentum.
KπN bound state effective mass
The effective masses defined in Eq.(54) are plotted in figure 9 for NL-SH, NL3 and density dependent coupling sets, respectively. For comparison, we also plot the effective masses defined in Eq. (25) in the same figure. The blue curves is for Θ + as KπN bound state and black curves is for Θ + as a structureless particle in RMF. The two models give very different results. At normal nuclear density, the effective mass M * Θ + ≃ 0.73M Θ + =1120 MeV for KπN bound state and the model for structureless particle gives much smaller result, M * Θ + ≃ 0.67M Θ + =1030 MeV. The Θ + effective mass is enhanced 90 MeV (6% M Θ + ) by considering the structure. As seen in figure 9 , there are more obvious differences at higher nuclear density between two models. At ρ = 3ρ 0 , the KπN bound state effective mass M * Θ + ≃ 770, 720, 705 MeV and the structureless Θ + effective mass M * Θ + ≃ 610, 550, 540 MeV for the density dependent coupling , NL-SH and NL3 set, respectively; the results for KπN bound state are enhanced about 160 MeV comparing with those of non-structure Θ + for the same parameter set. From the figure, we also find that for KπN bound state, using the density dependent coupling the effective masses are enhanced at ρ > ρ 0 , the enhanced mass is 50 ∼ 60 MeV around the region 2.5ρ 0 ∼ 3ρ 0 . There is strong parameter dependence in the region ρ > 1.5ρ 0 , the mass difference is about 10 ∼ 30 MeV between NL-SH and NL3 set, however, in the low density region ρ < 1.5ρ 0 , there is nearly no visible difference between the two curves (NL-SH and NL3). If considering the effect of density dependent coupling, the effective mass is obviously dressed in the region ρ < ρ 0 , the most dressed mass is about 30 MeV at ρ ≈ 0.5ρ 0 .
As a conclusion, the effective mass of Θ + strongly depends on its internal structure considered in RMF, the difference is up to 90 MeV between KπN bound state and structureless Θ + at ρ = 3ρ 0 ; the density dependent coupling can also strongly affect the effective mass in the whole region, especially at high density; there is little parameter dependence for effective mass in the low density region, however, in high density region, the effect is also obvious.
Potential depth for Θ + in nuclear medium
We also give the relativistic potential of Θ + in figure 10 . For comparison, the potential of nucleon is also show according to the equation
The blue, black, red curves are for Θ + as KπN bound state, point-like Θ + and nucleon, respectively. The dash-dot, dashed and dotted curves are for density dependent coupling, NL-SH and NL3 set, respectively.
For NL-SH and NL3 parameter sets, the curves are very similar in the region ρ < 1.2ρ 0 , however, they show strong parameter dependence in the higher density region ρ > 1.2ρ 0 . The minima of potential depth appear at ρ ≃ 1 ∼ 1.2ρ 0 . For KπN bound state, the potential depth U KπN Θ + ≃-37.5 MeV at around normal nuclear density, which is very close the Θ + potential U = −40 MeV of QCD Sum Rule which remains independent of a parameter y [29] . For nucleon, the relativistic potential depth U N ≃-65 MeV. The deepest potential is for Θ + (structureless), U Θ + ≃-90 MeV, which is investigated in our previous work [12] . Comparing the potential depth for KπN bound state and point-like Θ + , we find that if we consider the Θ + as KπN bound state the potential depth will be much shallower, however, it is still strong enough to form Θ + bound states in nuclei according to our calculation in Ref. [12] . If Θ + as a KπN bound state is the case, according to our prediction, the notion suggested in Ref. [26, 28] of strong binding for Θ + in nuclei will be modified. The curves for density dependent coupling give much deeper potentials than those of NL-SH and NL3 parameter sets in ρ < ρ 0 , and much higher potentials in the high density region ρ > 1.2ρ 0 . The potential minimum appears at low density ρ ≃ 0.6ρ 0 . For KπN bound state, the relativistic potential depth U KπN Θ + min ≃-60 MeV, for nucleon, U N min ≃-75 MeV, and for Θ + , U Θ + min ≃-110 MeV. The reason for deeper depth of the relativistic potential at ρ ≃ 0.6ρ 0 is that the scalar coupling g N σ becomes larger in ρ < ρ 0 than that of normal density and the vector coupling g N ω is not change. If the prediction is the truth, the strongest binding for baryons such as Θ + , nucleon will appear at lower density than normal density and the binding will be stronger. For the potential also depend another coupling constant g N ω , whether the density affect the strength of the vector coupling or not is not known, it is still a challenge for our prediction.
Summary
In this paper, we have carefully discussed the symmetric nuclear matter in RMF and obtain the relation σ 0 − ρ s and ρ s − ρ for NL-SH and NL3 parameter sets. From the analysis, we find that σ 0 ≃ g N σ ρ s /m 2 σ is a rather poor approximation in RMF calculation, the nonlinear scalar self-interaction term can strongly affect the result, especially at higher density. It is also found that there are strong parameter dependence in higher density region, however, the effect in the region ρ < ρ 0 can be neglected. With the the relation σ 0 − ρ s and ρ s − ρ, we analyse the effective mass for nucleon and the Θ + studied in our previous work [12] , how the effective masses of them change with the nuclear density is plotted. At normal nuclear density the effective mass for Θ + is M * Θ + = 0.67M Θ + . According to the idea of QMC model, we have attempted to introduce a density dependent scalar coupling g N σ (σ 0 ). In which, two parameters are roughly determined as a N ≃ 4.4 × 10 −4 MeV −1 and g N σ | σ=0 =11.48, 11.24 for NL-SH and NL3 set, respectively. Then, we re-discussed the σ 0 − ρ s and ρ s − ρ with density dependent scalar coupling g N σ (σ 0 ). We find that the density dependent coupling g N σ (σ 0 ) affect the relations σ 0 − ρ s and ρ s − ρ very little in the region ρ < ρ 0 , however, its effect is obvious at higher density. The effect on baryon effective masses in low density region ρ < ρ 0 can not be neglected, the largest effect is about 2 ∼ 3% baryon mass lower than that of constant coupling, and at ρ = 3ρ 0 the nucleon and Θ + effective masses are enhanced 47 and 62 MeV, respectively. As a whole, it is very necessary to consider the density dependent coupling in RMF, in present work it only an attempt to consider the density dependent scalar coupling g N σ (σ 0 ), how to accurate the parameters a N and g N σ | σ=0 is a problem which should be solved in future work. We also review the theory of Kaon meson in RMF and ChPT. According to our investigation in section 2, the energy of K + in nuclear medium at momentum k = 0 is shown in figure  8 for both RMF and ChPT methods. Our results is consistent with those of Ref. [39] with NL-Z parameter set. The potential depth is U K ≃ 33 MeV for RMF model and U K = 28 ∼ 33 MeV for ChPT model at normal nuclear density. The energy of K + for density dependent coupling seems more close to that of ChPT method, especially in the region ρ > ρ 0 . Which indicates that the RMF model considered density dependent coupling is consistent with ChPT model in a certain extent.
The most interesting point is that we develop another approach in RMF to study Θ + . Where Θ + is look as a KπN bound state and the interaction between nucleons are approximated to the interaction of NN and KN in RMF. The effective mass is M * Θ + ≃ 0.73M Θ + =1120 MeV at normal density, which is much larger than M *
MeV as a non-structure particle in RMF [12] . The potential depth is U KπN Θ + ≃-37.5 MeV much shallower than U Θ + ≃-90 MeV as a non-structure particle in RMF [12] at normal density. The density dependent coupling also strongly affects the potential depth, it gives much deeper potential depth in low density region ρ < ρ 0 , much larger potential ρ > 1.2ρ 0 . If it is the case the deepest bound state will appear at ρ < ρ 0 . For the potential also depends another coupling constant g N ω , whether the density affect the strength of the vector coupling or not is not known, it is still a challenge for our prediction. + as non-structure particle and KπN bound state in nuclear medium with parameter sets NL-SH, NL3 and density dependent coupling .
